Background The incidence of lumbar spinal stenosis (LSS) continues to rise, with both conservative and surgical management representing options for its treatment. The timing of surgery for LSS varies from shortly after the onset of symptoms to several months or years after conservative treatment. The aim of this study was to investigate the association between the duration of pre-operative conservative treatment and the ultimate outcome following surgical interventions for LSS. Methods The study was based on prospective multicentre registry data (Spine Tango). Cases of LSS with a documented duration of conservative treatment, undergoing spinal decompression with at least one post-operative patient assessment between 3 and 30 months, were included in the study. Cases of LSS with spondylolisthesis, additional spinal pathology or previous spinal surgery were excluded. Interrogation of the Spine Tango Registry listed 3478 patients meeting the prescribed inclusion criteria. This cohort was stratified into four groups: (1) no previous treatment (n = 497; 14.3%), (2) conservative treatment \6 months (n = 965; 27.8%), (3) conservative treatment between 6 and 12 months (n = 758; 21.8%), and (4) conservative treatment [12 months (n = 1258; 36.1%). Group 4 reference group in regression analysis. The inverse probability of treatment weighting (IPTW) was applied using the propensity score to balance the groups for their characteristics. Outcome measures included achievement of the minimum clinically important change (MCIC) score of 2 points for (a) back pain, (b) leg pain and (c) Core Outcome Measures Index (COMI), and (d) surgical complications, (e) general complications and (f) operation time [2 h. Results Patient group (''duration of conservative therapy'') was not associated with achievement of the MCIC for postoperative relief of leg pain (p = 0.22), achievement of MCIC for the COMI score (p = 0.054), surgical complications (p = 0.11) or general complications (p = 0.14). Only MCIC for post-operative relief of back pain (p = 0.021) and operation time were significantly associated with patient group (p = 0.038). However, compared with the reference group of [12 months of conservative treatment there was no significant difference in the likelihood of achieving the MCIC for those with none, \6 or 6-12 months of conservative treatment. Conclusions The duration of pre-operative conservative treatment was not associated with the ultimate outcome of decompression surgery. Further research is required to investigate optimal thresholds/indications for surgery and its appropriate timing in individual patients.
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Introduction
Lumbar spinal stenosis (LSS) is one of the most common degenerative spinal pathologies requiring surgical treatment in the elderly population [1] . The typical clinical presentation of LSS is neurogenic claudication resulting in leg and/or buttock pain and limited walking distance. For those over 65 years of age, the estimated incidence of LSS is reported to be 1:1000 [2, 3] . The number of patients diagnosed with LSS in Germany doubled between 2005 and 2011 from 28,000 to nearly 56,000 [4] , and the continuous aging of the population can be expected to result in a further increase in its prevalence. Accordingly, the healthcare costs associated with LSS can be expected to have major economic consequences [2, 5, 6] . Despite the increased risk of surgical complications in elderly patients with comorbidities, there appears to be a disproportional rise in the frequency of lumbar spine surgery in this population [4, 6, 7] .
Initial treatment of LSS is conservative, and includes physiotherapy, analgesics and targeted epidural steroid injections. If unsuccessful, surgery is advocated and has superior results when compared with continued non-operative treatment [3, [8] [9] [10] . Surgery itself, with considerable variations of techniques, provides substantial relief of pain and disability [11] . The optimal timing for surgical decompression has not yet been established. Currently, lumbar decompressive surgery may be offered to patients soon after the onset of symptoms or several months or even years later, due to the fluctuating natural history of LSS. Symptomatic LSS is mostly a chronic intermittent condition [9] and there may be a sudden exacerbation of symptoms. Both leg/buttock pain and the reduction in walking distance contribute to the burden of the condition. The fluctuating symptoms and long periods of stability make it difficult to determine the most appropriate timing for decompressive surgery. Amundsen et al. performed an analysis of the 10-year outcomes in a cohort of 100 LSS patients, of whom 31 patients had been randomly assigned to either conservative or surgical treatment [9] . Whilst mindful of the small sample size, the authors concluded that surgery for LSS seemed to be equally beneficial whether it was performed early or late (up to 3 years) after severe symptoms [9] . A recent analysis of data from the Spine Patient Outcomes Research Trial (SPORT) revealed significantly less improvement in bodily pain (SF-36) and some other outcomes in LSS patients with [12 months' duration of symptoms compared with those with a shorter duration of symptoms, although there was no difference in post-operative leg pain between the two groups [12] . The duration of conservative treatment-as opposed to the duration of symptoms-is a rather heterogeneous variate in clinical studies, and is only rarely analyzed. More often a cut-off is used as a criterion for inclusion.
Whether an association exists between the duration of conservative treatment prior to surgery and patient outcomes is unknown. Randomized controlled trials (RCT) would be the ideal approach to further investigate the issue; however, such studies are not without their difficulties. As there is evidence for the superiority of surgery vs. conservative treatment for LSS [8] [9] [10] , it may be considered unethical to randomize patients into early and delayed surgery. Furthermore, the notoriously high cross-over rates in RCTs of surgery vs. conservative treatment may negate the benefits of randomisation. In the SPORT, 46% of patients assigned to surgery and 54% of patients assigned to conservative treatment opted to change group. This considerably limits the interpretation of the results [13] .
The alternatives to RCTs, observational studies (including registry studies), are not able to establish a causeeffect relationship, as it is very difficult to capture factors that influence surgeons' decisions to operate. Nonetheless, the large quantity of ''real-life'' data [14] captured in registries may still provide a valuable snap-shot of the outcome in patients with differing durations of conservative treatment.
The aim of this study was to investigate the association between the duration of pre-operative conservative treatment and patient-and physician-reported outcome measures observed following surgical interventions for LSS. We hypothesized that a shorter duration of conservative treatment would be associated with more favorable surgical outcomes.
Materials and methods

Spine Tango Registry
This study was carried out using the Spine Tango data pool, and is written in accordance with the STROBE statement [15] . Spine Tango, the international spine registry of EUROSPINE, the Spine Society of Europe is hosted at the University of Bern's Institute for Evaluative Research in Medicine [16] . Within the registry, patient and physicianbased data are collected in a prospective observational multi-centre manner.
The last three iterations of the Spine Tango surgery form (2005, 2006 , and 2011) were used in the analysis. The surgery form is a physician-based case report form Eur Spine J (2017) 26:488-500 489 capturing information on demographics, clinical information and data on the surgical intervention. Patient-reported Core Outcome Measures Index (COMI) data are collected pre-operative and at standardized follow-up intervals (3 months, 1 and 2 years following surgery) and entered into the registry. The COMI is a short, self-administered outcome measure instrument, consisting of seven questions to evaluate the five domains: pain (back and leg/buttock pain measured separately), back-related function, symptom-specific well-being, general quality of life, and disability (social and work) [17] . Two pain Graphic Rating Scales (GRS) from 0 to 10 points are used to assess (1) back and (2) leg/buttock pain, and all other items use a five-point scale. For the summary score, the average of the scores of all five domains (each transformed to 0-10) is calculated [17] . COMI is a validated outcome tool existing in numerous languages [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] .
Inclusion criteria and patient sample
The Spine Tango registry was examined in March 2015 for all patients with the diagnosis of degenerative LSS without degenerative spondylolisthesis. The inclusion criteria were: spinal stenosis, lumbar or lumbosacral, patient age [20 years, most severely affected segment between L1/2 and L5/S1, no previous spinal surgery, either laminotomy, hemi-laminectomy, laminectomy, and/or partial facet joint resection as type of decompression [27] , known American Society of Anaesthesiologists (ASA) classification, pre-operative and at least one postoperative COMI assessment available between 3 and 30 months ( Table 1 ). The exclusion criteria were 'additional spinal pathology' such as spondylolisthesis, deformity, fracture, tumor, inflammation, infection, and reoperation. If multiple follow-up forms were available for a patient within the given follow-up period, the latest form was selected for analysis. Data from Finland, India, Moldova, The Netherlands, Singapore, Slovenia, Taiwan, and Turkey were not considered due to the lack of a validated language version of the COMI (5.4%, Table 1 ). The inclusion/exclusion criteria resulted in 3478 patients from 32 institutions from nine countries (Australia, Austria, Belgium, Germany, Italy, Poland, Switzerland, UK and USA).
Stratification of Cohort into four groups based on the duration of conservative treatment
Based on the duration of previous conservative treatment four groups were defined: (1) no previous treatment (n = 497; 14.3%), (2) conservative treatment \6 months (n = 965; 27.8%), (3) conservative treatment 6-12 months (n = 758; 21.8%), and (4) conservative treatment [12 months (n = 1258; 36.1%).
Outcome measures
As clinical outcomes, dichotomized achievement of the minimum clinically important change (MCIC) of two points in (a) back pain, (b) leg pain and (c) COMI score were considered. Further dichotomized outcomes were (d) surgical complications (e) general complications, and (f) operation time [2 h ( Fig. 1 ).
Statistical analyses
The inverse probability of treatment weighting (IPTW) was applied using the propensity score to balance the Underline denotes endresults, i.e. total number of included patients a Laminotomy, hemi laminectomy, laminectomy, and/or partial facet joint resection as the type of decompression groups for their baseline characteristics. An individual's propensity score is defined by the conditional probability of being in one group or another, given the observed baseline covariates (such as age, gender, ASA classification, etc.). IPTW uses weights based on the propensity score to create a synthetic sample in which the distribution of measured baseline covariates is independent of the group assignment. Four patients with the same propensity score have an equal estimated probability of receiving no pre-operative conservative therapy, \6, 6-12, or [12 months conservative therapy. If the four patients receive four different durations of conservative therapy, the exposure allocation can be considered random, in relation to the observed covariates. Therefore, as in randomized controlled trials (RCTs), there is balance of the covariates between exposure groups after adjusting for the propensity score. The important difference between propensity score adjustment and RCTs is that the latter are able to balance both measured and unmeasured covariates. Propensity scores can only control for the measured covariates.
The following covariates were included in the propensity score: patient age (continuous), gender (male/ female), ASA classification (1, 2, [2), extent of lesion (1, 2-3, [3 segments), level of surgery (L1/2-L2/3, L3/ 4, L4/5, L5/S1), pain reduction as the surgical goal (yes/ no), functional improvement as the surgical goal (yes/ no), neurological improvement as the surgical goal (yes/ no), patient-reported main problem (back pain, leg pain, sensory disturbances, other), flavectomy (yes/no), partial facet joint resection (yes/no), complete facet joint resection (yes/no), laminotomy (yes/no), hemi-laminectomy (yes/no), laminectomy (yes/no), foraminotomy (yes/no), discectomy (yes/no), sequestrectomy (yes/no), other decompression (yes/no), duration of follow-up (continuous), pre-operative back pain (continuous) and leg pain (continuous), and pre-operative COMI score (continuous).
Bivariate comparison of patient characteristics in the treatment groups (before and after weighting adjustment) was performed using general linear modelling for continuous covariates and the Chi-square test for categorical covariates. Bonferroni adjustment was used for multiple testing as appropriate.
In the final step, logistic regression analysis for each outcome measure was performed and adjusted for the inverse probability of treatment weight. The covariates that remained significantly different after weighting adjustment in the bivariate comparisons were included in the final models. For the calculation of odds ratios, conservative treatment duration of [12 months was used as the reference group, as it was the largest treatment group. A post hoc analysis was also performed with conservative treatment duration of \6 months as the reference group (the group that showed the greatest difference from the other groups) to identify the location of the specific group differences revealed by the significant p value for the overall association (Table 3 in ''Appendix''). The alpha level was set at 0.05 throughout the study. All statistical analyses were conducted using SAS 9.4 (SAS Institute, Inc., Cary, NC, USA).
Results
Before weighting adjustment, the groups were different with respect to the independent variables patient age, percentage with disc herniation, ASA classification, extent of lesion, level of surgery, goal of treatment, percentages undergoing flavectomy, laminectomy, hemi-laminectomy, sequestrectomy, partial facet joint resection, other decompression type, mean follow-up interval, and back pain, leg pain, and COMI score at baseline ( Table 2 ). The non-adjusted (before weighting) bivariate comparisons also showed significant differences between the groups for the outcomes post-operative back pain, leg pain, leg pain relief, COMI score, change in COMI score, percentages achieving MCIC for leg pain and for COMI, percentage of surgical complications, and percentage of those with operation time [2 h ( Table 2) .
The weighting adjustment was successful in balancing the patient group for all patient characteristics (p [ 0.45) except for the proportions of patients undergoing sequestrectomy (p = 0.006) and foraminotomy (p = 0.029) ( Table 2) .
After weighting adjustment, differences in the following outcomes were observed: back pain relief (maximum difference in means 0.4; p = 0.047); proportions achieving MCIC in back pain (maximum difference in proportions 6.8%; p = 0.015); COMI score change (maximum difference in means 0.3; p = 0.042); and proportion with operation time[2 h (maximum difference in proportions 5.9%; p = 0.040) all in favour of group 2 ( Table 2) .
Logistic regression analyses
As the proportions of patients undergoing sequestrectomy and foraminotomy remained significantly different after weighting adjustment (see above, and Table 2 ), both covariates were included in the final models.
Patient group (i.e., duration of conservative treatment) was not associated with achievement of the MCIC in leg pain at follow-up (p = 0.22).
Overall, patient group was associated with achievement of the MCIC in back pain (p = 0.021). However, compared with the reference group of [12 months of conservative treatment, there was no significant difference in the likelihood of achieving the MCIC for those with none, \6 or 6-12 months of conservative treatment (Fig. 2) . In the post hoc analysis using conservative treatment duration of \6 months as the reference group, the odds of achieving the MCIC for back pain were 0.77-times lower (95% CI 0.62-0.96) for the groups with no conservative treatment or treatment between 6 and 12 months (95% CI 0.63-0.93) ( Table 3 in ''Appendix'').
The duration of conservative treatment showed no significant association with achievement of the MCIC for the COMI (p = 0.054; Fig. 2 ).
The duration of conservative treatment was not associated with the proportion of surgical or general complications (p = 0.11 and p = 0.14, respectively).
Overall, the duration of conservative treatment was associated with the duration of the operation (p = 0.038). However, compared with the reference group of [12 months of conservative treatment, there was no significant difference in the duration of the operation for those with none, \6 or 6-12 months of conservative treatment (Fig. 2) . In the post hoc analysis, compared with patients \6 months' conservative treatment (reference group), the odds of the operation lasting more than 2 h were 1.39 (95% CI 1.11-1.74) higher for the group with 6-12 months conservative treatment (Table 3 in ''Appendix'').
Discussion
We hypothesized that a short duration of conservative treatment would be associated with more favorable surgical outcomes. However, the duration of conservative treatment prior to surgery showed no significant association with the achievement of a clinically important relief of leg pain or improvement in the COMI score. Furthermore, there was no association between duration of conservative treatment and surgical or general complications. Only clinically important back pain relief showed significant differences between the groups: it was seen more frequently in patients with a short (\6 months) duration of conservative treatment compared with those with no conservative treatment 14.7 ± 8.4
15.2 ± 8.5
16.1 ± 8.5
16.9 ± 8.4
<0.001
16.5 ± 8.6
16.3 ± 8. or treatment lasting between 6 and 12 months but not compared with those with more than 12 months' conservative treatment. Nonetheless, the clinical relevance of the statistically significant differences was questionable (see later).
Clinical implications
This study has shown the mere duration of pre-operative conservative treatment was, by and large, not associated with clinical outcome following surgical decompression for lumbar spinal stenosis. Radcliff et al. found some outcomes were significantly better for patients with pre-operative symptoms for less than 12 months, although there was no difference between the two groups for post-operative leg pain [12] . They observed significantly less improvement in bodily pain (SF-36) in patients with [12 months' duration of symptoms vs. a shorter duration of symptoms [12] . In the present study, the maximum difference in the proportion of patients achieving clinically relevant back pain relief in the different groups was 7%. This difference is potentially of low clinical relevance, as the corresponding number needed to treat (NNT) is 15 [28] . Furthermore, the primary symptom in LSS is leg and/or buttock pain, not back pain.
In our series, the proportion of long ([2 h) operations was lower for those with pre-operative conservative treatment less than 6 months than for those patients with 6-12 months' conservative treatment (but not different compared with the other durations of conservative treatment). However, as with back pain relief, the size of the effect may render it of limited clinical relevance. Radcliff et al. did not identify a significant relationship between duration of symptoms (B12 or [12 months) and duration of operation in a bivariate comparison [12] .
In our study, conservative treatment [12 months was set as the reference group, because the greatest number of patients fell into this category and it had been used as a cut-off for forming sub-groups in a previous study [12] . However, even where a significant overall effect of duration of conservative treatment was observed (for MCIC for back pain and duration of operation), the differences between the reference group (conservative treatment [12 months) and the other treatment groups were not significant for any of the outcomes. A post hoc analysis using \6 months' treatment as the reference group revealed that there was a significantly higher proportion of patients with clinically important back pain relief in this group compared with no conservative treatment or a duration of between 6 and 12 months; further, conservative treatment \6 months was less likely to be Overall, sequestrectomy was observed in 9.3% of patients, and out of ten possible types of decompression it was ranked 8th. It is possible that herniated disc occurred together with stenosis (at the same or different level) and this might account for its occasional endorsement on the form Eur Spine J (2017) 26:488-500 495 associated with a long surgery in comparison with conservative treatment 6-12 months (though not compared with no conservative treatment or a duration of treatment [12 months). However, the small size of the differences, and their difficult interpretation, render them of unlikely clinical relevance. LSS can be considered a chronic condition with fluctuating symptoms. Approximately one third of surgically treated LSS patients in the spine registry had had pre-operative conservative treatment for 12 months or longer. Surgery with no previous conservative treatment was performed in 14.3%. These patients had the highest back pain, leg pain and COMI scores at baseline, while the groups with a longer duration of conservative treatment had lower mean pain and COMI score levels. However, the differences between groups were at most 0.5 GRS points, and, although statistically significant, may be of limited clinical relevance.
Strengths and weaknesses
We showed that there was no clinically relevant association between the duration of conservative treatment and outcome of surgery for LSS. One must, however, be careful when interpreting these findings. The fact that there was no association most likely confirms the appropriateness of the treatment hierarchy used by the contributors to the registry, as the final results in all ''duration'' groups were similar. This is not to say that a person who was treated for a short time would have done just as well if they had persevered for a longer time, or vice versa; it simply shows that the chosen length of conservative care before surgery was probably appropriate for the given patient. However, the decision-making process for surgery was not documented, and the design of the study does not enable us to draw conclusions in relation to this.
The types of conservative treatment (e.g., physiotherapy, analgesic medication, neuromodulators, and epidural steroid injections) are not explicitly documented in the registry. This is a limitation of the study. It can only be speculated that these treatments were equally distributed between groups.
Despite the multinational registry setting and the large number of participating hospitals, a follow-up rated of just 47.5% was achieved. Clearly, this is a limitation of the study. The comparison of patients with and without COMI forms/follow-ups (Table 4 in ''Appendix'') did not suggest a selection bias towards patients with a likely favorable outcome. Data from nine countries were included in the analysis. Cultural and healthcare system differences may have potentially influenced the results of the study as thresholds for surgery may differ between institutions and countries. Detailed analyses of countries and individual centres, with larger sample sizes, are required to investigate possible differences. The distribution of patient groups by country is shown in Table 5 in ''Appendix''.
This study used a robust methodological approach to balance patient groups for their characteristics, to adjust for Fig. 2 Plot of odds ratios with 95% confidence intervals. For the outcomes a-c, the odds ratios with confidence intervals below the reference line demonstrate inferior results; for the outcomes d-f the odds ratios with confidence intervals below the reference line demonstrate superior results. Significant p values are given in black. mo months selection bias and confounding by indication in relation to the measured factors. Four main propensity score adjustment methods exist: propensity score matching, IPTW, stratification on the propensity score, and covariate adjustment using the propensity score [29] . The analysis of a propensity score-matched sample can mimic that of an RCT [29] . However, this type of adjustment is typically used for comparison of two groups. In some settings, propensity score matching and IPTW remove systematic differences between studied subject groups to a comparable degree [29] . Based on these considerations, and the fact that we had more than two groups, the IPTW was chosen.
Conclusions
Duration of pre-operative conservative treatment was not associated with differences in post-operative relief of leg pain, COMI score improvement, or surgical or general medical complication rates. Longer conservative treatment does not appear to be detrimental to the ultimate surgical outcome following lumbar spinal decompression. Further research is required to investigate optimal thresholds/indications for surgery and its appropriate timing in individual patients.
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Appendix
See Tables 3, 4 and 5. Chi-square test was used for comparison. Statistically significant differences are in bold
The table presents a comparison of patients with and without COMI forms. The distribution for the duration of pre-operative conservative treatment was significantly different between the selected and non-selected patients: there were 6% fewer patients with a short duration (\6 months) and 5% more with a long duration ([12 months) in the selected group compared with the remaining population
The vast majority of the significant differences shown in the Table were small and, therefore, not likely to have been clinically relevant. Two observed differences may support a selection bias towards simpler cases, namely the lower proportion of patients with laminectomy and with neurological improvement as the treatment goal. In contrast, several findings such as older age, higher ASA status, multi-segmental surgery, and higher proportions of decompressive measures point instead to a selection towards less favorable cases. Overall, the results of this analysis did not suggest a bias towards the selection of favorable cases only 
